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Objectives
 Understand standard gravimetric particulate matter (PM)
measurements
 Identify the limitations with standard gravimetric PM
measurements
 Understand extraction method particulate matter
measurements
 Identify the limitations of the extraction method for PM
measurements

Background
 Gravimetric filter analysis, employing a pump and filter system, is the
gold standard method for measuring the mass concentration of
particulate matter (PM) in air
 Uses high precision (0.1 - 1 μg resolution) mass measurements of filters
before and after sample collection.
 Scales must be operated in a highly controlled environment that is clean,
demonstrates low static and vibration, and is temperature and humidity
stable
 Field blanks are typically used to account for changes in mass unrelated
to sampling (e.g. contamination/mass loss from handling, transport, etc.)
(Balakrishnan et al. , 2015; Health and Safety Executive (HSE), 1997; Rosa et
al. , 2014)
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Standard Gravimetric
Limitations
 Conditions must be well-matched between pre- and post-weights,
which may be separated by several months and up to years
 Filter data may be lost or compromised by incorrect mass
measurements resulting from unstable scales, improper scale
operation or calibration, or transcription errors
 Sample sets can be comprised of thousands of filters - some erroneous
mass measurements are likely to occur.
 Post-weight measurements can be repeated if filters are stored
properly, there is currently no method for recovering lost or
compromised pre-weights

Extraction Method
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Method
Comparison
Sample Filters: Used to collect
PM sample for concentration
calculation
Field Blanks: Treated the same
way as the sample filters, apart
from sampling air. In the
extraction method, field blanks
also undergo the extraction
process. Used to correct for
unexpected changes in mass
related to transport, handling,
storage, and the extraction
process.
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Study
Samples:
1. 265 sample PTFE filters, primarily wood smoke PM2.5 deposition. Six
samples were excluded due to incorrect pre-sampling weights, evidenced
by negative mass depositions. 28 filters were excluded that were below
the extraction method’s limit of detection of 60 μg
2. 21 field blanks (handled similarly to the sample filters but not used for
sampling), including undergoing the extraction process,
3. Eight extraction blanks (filters taken directly from the package and not
otherwise handled or sampled), and
4. Four lab-simulated filter samples

Limit of Detection
Extraction blanks were analyzed to determine the limit of detection (LoD) for
this method using the commonly accepted calculation for LOD shown in the
equation below (yLOD).
𝑌𝑌𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐵𝐵𝑒𝑒𝑒𝑒 + 3 ∗ 𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵
• Average mass change (Bex) = 21 μg for all extraction blanks (N = 8)
• Standard deviation of the extraction blank mass change (σBex) = 13 μg
• YLoD = 60 μg.
All samples with Mex below 60 μg were excluded from the following analysis (N
= 28) for a total sample size of 231. Of these 28 filters, 11 were sample filters
(4%) and 17 were blanks.

(Deming, W.E., 1943)

Figure 4. Bland-Altman
relationships show the absolute (Mo
– Mex) (a) and percent (b) error
between the two MD determination
methods (Mo versus Mex) for all
values where Me x > LOD (N = 231).
The percent error is calculated
using the average of the two
measurements. The mean value is
defined by the blue line and the
95% limits of agreement are shown
in red [mean ± 1.96*standard
deviation] (A: −5.9 ± 56 μg, B:
−3.5% ± 29%).

(Altman, D.G. and Bland, J.M.,1983)

Concentration Estimate
Comparison
 Estimate of PM concentration using a typical gravimetric sample scenario
 Sample duration of 1440 minutes and a flow rate of 1.5 liters per minute
was assumed, which is common for exposure and indoor air pollution
studies.
 Mean PM MD using standard method was 367 ± 589 μg, and
 Mean PM MD using extraction method was 371 ± 589 μg (diff of 4 μg)
 The standard method yields an appx concentration of 170 ± 272 μg/m3
 The extraction method yields an appx concentration of 172 ± 273 μg/m3.

Difference in average approximate concentration is 2 μg/m3 (1%)

Extraction Method Limitations
and Considerations
 Requires field blanks (minimum 10, ideally 10-20%)
 Only tested on PTFE filters with PMP support rings and with wood smoke
 Filters not equilibrated to room temperature prior to extraction or
susceptible to tearing, equilibrate to room temperature prior to
extraction
 Extracted filters are relatively more electrically charged so anti-static
measures should be employed when weighing
 The LoD for the extraction method is 60 ug. This method should not be
used during campaigns where filters are thought to be less than 60 ug.
 It is up to the user of this method to decide if the LoA for error (A: −5.9 ±
56 μg, B: −3.5% ± 29%) is acceptable for their application
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